B
angladesh's capital, Dhaka, has grown dramatically in recent years, both in population and area. Some 8.5 million people currently live in the city, and it has one of the most rapidly increasing urban populations in the developing world. This has meant an increase in the size and number of informal settlements, while the rate of population growth in many areas outstrips the capacity of the city authorities to install proper urban infrastructure. As a result, residents are often dependent on low-yielding boreholes (tube-wells) fitted with handpumps for water supply, and on pit latrines for the disposal of human sewage.
On-site sanitation -the risks
As in many urban situations in the developing world, 1,2 the disposal of this sewage to the subsurface, from which groundwater is also pumped, has raised concerns in D haka about crosscontamination. These two activities will only be compatible provided the subsurface is effective in reducing contaminants to acceptable (or safe) levels. Processes that occur naturally in the subsurface help to reduce contaminant levels (see Box, left) -these are usually most effective in the unsaturated zone and, especially in fine-grained sediments, may be sufficient to eliminate most microorganisms. H owever, although the aquifer beneath D haka is unconsolidated finegrained alluvium, the high population density in peri-urban areas means there are severe space restrictions, leading to a reduced separation between on-site sanitation systems and water supply boreholes, and hence an increased risk of pollution. U nder these circumstances, questions arise as to what the likelihood is for contamination of groundwater supplies from on-site sanitation?
An ongoing project, funded by the U K's D epartment for International Development (DFID ), is addressing this issue. As part of the project, a number of case studies are being undertaken, one of which is looking at the problems in two areas of D haka -D attapara and Keraniganj. D haka was chosen because of the importance of groundwater for drinking water supplies, and the apparent susceptibility of these supplies to contamination. This susceptibility arises because the depth to the water-table is seasonally very shallow; because the tubewells fitted with handpumps are normally drilled by the manual 'sludger' method, which precludes the sealing of the annulus between the outside of the tube-well casing and the drilled borehole; and as a result of the small distance between wells and latrines. The specific objectives of the case study are to: discover whether seepage from the base of pit latrines produces widespread contamination of groundwater; rank those factors which increase the risk of contamination of the well; and assess the risk to groundwater of chemical contamination derived from pit latrine effluent. The principal concern in situations where on-site sanitation and tube-wells are in close proximity is the contamination of well water by pathogenic micro-organisms which include bacteria, viruses and protozoa. Of less immediate concern, but potentially a more persistent problem, is the chemical contamination of groundwater by nitrate and chloride. High groundwater nitrate concentrations have been reported beneath many unsewered cities. 3 Die off: Most nonindigenous pathogenic micro-organisms do not reproduce in groundwater and therefore numbers will reduce in time due to natural die-off.
Dispersion and dilution:
This is the process of spreading that occurs as a result of the tortuous pathways that water (and contaminants) take during migration through an aquifer. This does not reduce numbers of microorganisms but spreads them more widely through the aquifer.
Filtration: Microorganisms, especially larger protozoans, may be filtered out of groundwater by the small pores in soil and rock.
Adsorption: Microorganisms may become attached to the solid surfaces of soil and rock grains, reducing the numbers in groundwater. This is more effective when the soil and rock has a higher clay or organic material content.
Natural processes in the subsurfa ce that ca n reduce numbers of microorganisms 
Microbiological conta mina tion
Analysis of water samples from the 100 wells selected for monitoring at the two sites has identified faecal coliform in 43 of the wells. Sanitary surveys carried out at the well sites (see Figure 1) show the potential for contamination from pit latrines: 95 out of 100 wells have a pit latrine within 15m, with 2 latrines within 15m as the average, and 38 of the wells have a pit latrine within 5m. H owever, contamination of a well does not necessarily mean that either the pit latrines are responsible or that the groundwater is widely contaminatedcontamination may be the result of poor well design and/or construction. Figure 2 shows a number of other possible contaminant sources and pathways. Examination of sanitary surveys carried out at the 100 wells shows that 1 in 10 of the handpumps were loose at the point of attachment to the concrete base; that ponding occurs on or around the concrete surround at 6 out of 10 well sites; and that in all cases the cement surround is inadequate i.e. it extends less than 1m beyond the pump or is cracked. H owever, there does not appear to be any significant correlation between sanitary hazard scores and bacteriological water quality.
Results to date do not suggest that serious microbiological contamination of the groundwater is widespread; most wells sampled show bacteriological quality to be excellent or good, with wells showing intermittent contamination only. Significantly, samples of well water show levels of bacteriological contamination found in tube-wells at the Keraniganj site to be greater than at D attapara, even though the tube-wells at Keraniganj are typically much deeper (54m on average, compared with 15m). It is unlikely that pathogens could survive for the time it would take to move through the aquifer from the pit latrine to the well (pathway 1 in Figure 2) ; more likely is that contamination has moved to the well-screen via more direct routes (pathways 2, 3, 4 or 5). This may be, for example, as a result of inadequate or deteriorated well-headworks, as mentioned above, or through the use of polluted water for pump-priming, a widespread practice. If breaks occur in the casing of the well at shallow depths, due to corrosion or inadequate joints, pit latrines could be a source of contamination through lateral movement of leachate at shallow depths, particularly where the unsaturated zone beneath the latrine is thin and the permeability of shallow layers is high. The very common handoperated drilling method precludes the installation of a good cement seal behind the casing. Further work is planned to investigate possible pathways. on-site sanitation and groundwater quality to be taking place in the aquifer underlying the two project study sites. Of the 100 wells sampled, all are within WH O guidelines for nitrate (50mg NO 3 /l).
Chemica l conta mination

Conclusion
The limited results we have to-date would appear to show there is no widespread bacteriological contamination of the aquifer beneath our two study sites. A few wells do show significant bacteriological contamination, and it is possible that this may be derived from pit latrines with contaminants entering tube-wells at shallow depths. hectare, and an annual recharge of 300mm, a 'back-of-the-envelope' calculation gives concentrations in leachate from pit latrines of 400mg/l chloride and 1000mg N/l nitrate. Analysis of samples from a range of depths indicates widespread chemical pollution of the aquifer at shallow depths, although not necessarily due solely to on-site sanitation.
Chloride
Chloride concentrations in the shallow groundwater beneath D attapara can exceed 250mg/l (the WH O guideline), this compares with typical chloride concentrations in water pumped from deep boreholes (> 50m) in Keraniganj and D attapara of 10mg/l. It would appear that the 'front' of modern high chloride water has not reached the deeper aquifer at our two study sites but in time, as water demands grow and abstractions from these deeper aquifers increase, this situation is likely to change.
Nitrogen O rganic nitrogen is oxidized to nitrate via ammonium; the absence of ammonium in groundwater suggests that this process is complete. Ammonium concentration in groundwater is noticeably low at our two sites, but the concentration of nitrate in groundwater is also noticeably low. In aerobic environments nitrate is stable, and where the contaminant loading is high, concentrations in groundwater would be expected to build up and exceed WH O drinking water guidelines. In anaerobic, or low-oxygen environments, however, the nitrate can be reduced naturally by microorganisms present in the subsurface to produce eventually harmless nitrogen gas. This denitrification process would appear Women finish work on a latrine. On-site sanitation is likely to be the major source of chemical contamination in the study areas.
